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Data from the acute oral studies showed the LD50 of LAP to be 300 mg/kg
for male Fischer 344 rats and approximately 280 mg/kg for female
Fischer 344 rats. Range-finding results indicated that levels below
0.3% in the diet would be suitable for chronic administration.

Through the first 28 weeks of the chronic study, 43 of 70 male rats in

the high-dose LAP group have died. Severe convulsions have been
., observed in high-dose males and females and in mid-dose males. Females

in the high-dose group have become aggressive (fighting).
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EXECUTIVE SUMMARY

The objectives of this research are to generate comparative acute

oral LD50 and 14-day range-finding data on LAP for the Fischer 344 rat

relative to the Sprague-Dawley rat and then to conduct a chronic study
designed to provide a comprehensive definition of the long-term toxico-

;r. logical reactions of selected biological systems to the individual

components of munitions wastewater. The LD50 and range-finding data
were used to establish dose levels for the chronic toxicological study.

The acute oral LD50 study examined six dose levels of LAP, using

ten males and ten females at each level. The results of this study
showed the LD50 to be 300 mg/kg for male Fischer 344 rats and approxi-
mately 280 mg/kg for female Fischer 344 rats.

A 14-day range-finding study testing five concentrations in the

diet showed reduced food consumption and body weight gains consistently

I at the 0.5%- and 0.7%-levels for both sexes. Occasionally, food
consumption, body weights, gross behavior, and blood parameters were
adversely affected at the 0.3%-level. Based on the data from this
study, 0.0125, 0.05, and 0.2% were recommended as the dietary levels
for the chronic study.

During the first 12 weeks of the chronic study, the high-dose males
had severe convulsions, resulting in abrasions about the head and

. shoulders, followed by death. Consequently, the high-dose level was

reduced by 50%. However, the severe convulsions are continuing and 43
of 70 males in the high-dose group have died. Females in the high-dose
group have shown increasing aggressive behavior (fighting) toward cage

mates. Males in the mid-dose group are showing increasing aggression
when being handled as well as in their behavior toward cage mates.

Approximately 30% of these males have mild abrasions on face and body

(indicative of convulsions).
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i..'. In conducting the research described in this report, the investi-
N gator(s) adhered to the "Guide for Laboratory Animal Facilities and

j Care," as promulgated by the Committee on the Guide for Laboratory

.IAnimal Resources, National Academy of Sciences-National Research Council.
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INTRODUCTION

This report describes the work conducted during the first year
under Contract No. DAMD 17-79-C-9121.

The overall objective of the proposed research is to provide a
comprehensive definition of the long-term toxicological reactions of

selected biological systems to individual components of munitions

wastewater. These data will constitute a significant part of the

overall data base necessary to evaluate the potential hazards of these
wastewaters to human health and to define the limits of relative safety.

Specific objectives are to identify, verify, and determine the speci-
ficity of possible lesions at the biochemical and cellular levels and
to further elucidate dose-response relationships.

The studies to be undertaken in this toxicological program are
(1) analytical chemistry studies; (2) confirmatory acute oral and
14-day range finding studies; and (3) evaluation of the effect of chronic,

dietary administration of LAP in rats. All phases of this project are

being performed in accordance with the FDA Good Laboratory Practices.
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EXPERIMENTAL
,\-.

.: .. General

The contract was signed on I September 1979. Compound acquisition

began in September 1979 and the compounds, 2,4,6-trinitrotoluene (TNT)
and 1,3,5-trinitrohexahydro-l,3,5-triazine (RDX), were received in

November 1979.

A24RDC personnel visited the SRI facilities and engaged in program

discussions on 10 October 1979 and 9-10 January, 5 May, and 22-23
August 1980. All discussions and reviews proceeded as planned, and

the program is proceeding as scheduled.

Analytical Chemistry

O* Peroxide Levels in Corn Oil

Each batch of corn oil, used as a vehicle in this program, is
assayed for peroxide. These determinations are conducted by iodometric

titration.1  To date there have been two shipments of four 5-gallon
cans each. The first shipment contained 0.577 meq peroxides/kg of
corn oil and the second shipment contained 4.68 meq peroxides/kg of

corn oil.

Pesticide Residues in Stock Feed

Purina Certified Rodent Chow 5002 and Rodent Laboratory Chow 5001
were analyzed for the pesticides listed in Table 1; the list includes

both organochlorine and organophosphate pesticides.

Feed samples were extracted and cleaned up according to official

AOAC methods.- The extracts were analyzed for chlorinated organic
*; pesticides using glass capillary gas chromatography (GC) and electron

capture (EC) detection under the following conditions:

Varian 3740 GC, EC detector 300'C, injector 25°C.

Column: SP-2100 Scot, 220'C isothermal, N 2 10 psi, 0.8 ml/min

'- ~'Attenuation Range 10-12

Analyses for organohposphate pesticides were performed by packed
column GC, using alkali-flame ionization detection under the following

condi tions:

HP 5730A, N-P detector 300'C, injector 250'C.

Column: 10%' DC-200, 6''20' isothermaL, Range 1, vols: lo

H -3 ml/min. Air-50 ml/min, N--30 mli/min.

10
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S',. Gas chromatographic profiles of the certifiea and noncertified

diets appear in Figures 1 and 2, respectively. Peaks were identified

45 9tentativelyv by retention time and peak enhancement. Quantitative
estimates of identified components appear in Table 2, and GC/mass
spectroscopic confirmation is in progress. The results indicate that

there is no advantage or disadvantage to using certified diets in
animal studies. Although coelution of feed components may interfere
with the quantitation of pesticide components (making the values higher
than the actual values), the noncertified diet does not contain con-

taminent levels greater than those stated for the certified diet.

The United States Army Medical Research and Development Command

.4. specified the use of Purina Certified Rodent Chow 5002 throughout this
program.

Pesticide Residues in Water

The water to be used in the animal facility during this program

was analyzed for the pesticides listed in Table 1. One-liter samples
were extracted with diethyl ether, concentrated in a Kurdema-Danish

apparatus, and analyzed by glass capillary GC using EC detection.

O' None of the pesticides was identified in amounts above 0.1 ppb. A

microbiologic screen produced no colonies.

Purity and Stability of TNT/RDX

Both TNT and RDX were characterized and found to be more than 99%

pure. Calculated quantities of TNT and RDX in a ratio of 1.6:1 (LAP)
were dissolved in acetone and added to a predetermined volume of corn

oil. The acetone was then removed by roto-evaporation. Vehicle
controls were corn oil with acetone added and removed in the same

manner as for the LAP samples. Stability studies using this method

showed that diets mixed once every two weeks were stable.

.4 -Homogeneitv Study

% The homogeneity of the diet mixes was determined. Six dose levels

were examined, with the following results:

LAP

Dose Level Area of Found Percent

(ppm) Mixer Sampled (ppm) Variance

- 2500 Too 2474 - 1.0

Middle 2582 + 3.3

Bottom 2358 - 5.7

2200 Top 2124 - 3.4

Middle 21i6 - 3.8
Bottom 2094 - 4.8

IL
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LAP
Dose Level Area of Found Percent

(ppm) Mixer Sampled (ppm) Variance

585 Top 572 - 2.3

Middle 529 - 9.6
Bottom 544 - 7.0

540 Top 465 -13.9

Middle 466 -13.7

Bottom 480 -11.0

145 Top 134 - 7.8
-' Middle 131 - 9.9

Bottom 124 -14.4

132 Top 110 -16.4

Middle 110 -16.4

Bottom 109 -17.4

As shown above, we were obtaining a uniform distribution of test

Omaterial throughout the diet. We continued to examine recovery

techniques and mixing times.

Diet Analyses

Diets prepared during the first 13 weeks and one mix in each

quarter thereafter were analyzed for TNT and RDX. Samples were saved
from each diet mix, regardless of whether it was analyzed. The

analytical results of the diet preparations analyzed to date are
.presented in Table 3.

The evaluation of the estrogen and heavy metal content in Purina

Certified Diet was begun.

Toxicology

The specific individual mammalian protocols for the acute, 14-day

range-finding, and chronic studies are on file with the Project Officer
and will not be duplicated in this report.

,  Acute LD50 Confirmation

In previous acute studies conducted on LAP (TNT/RDX), using the

Sprague-Dawley rat, LD50 values ranged from approximately 300 ppm to
greater than 600 ppm. The acute LD50 study conducted for this program

was designed to account for the manner in which the TNT and RDX were
incorporated into the corn oil and to investigate the response in the
Fischer 344 rat. Ten males and ten females were randomly assigned to

a vehicle control and six compound treatment levels. Controls received

a corn oil-acetone mixture. The six compound (LAP) groups received

one of the following levels: 150. 300, 450, 600, 750, or 900 mg/kg.

12
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All animals received a single oral dose by gavage. The following
mortality data were recorded over the 14-day observation period.

Males Females
Dose Level Number Number Number Number

(mg/kg_ Treated Dead Treated Dead

900 10 10 10 10

750 10 10 10 10

600 10 10 10 10

450 10 8 10 9

300 10 5 10 4

150 10 2 10 4

Initially the data were analyzed using one or more of the statistical

procedures listed on page 13 of the Mammalian Toxicology Protocol--
Acute Mammalian Toxicological Effects of LAP. The results of these

analyses showed the LD50 of LAP to be 300 mg/kg for male Fischer 344
rats and 280 mg/kg for female Fischer 344 rats. Since these data

were comparable to those obtained in previous studies using Sprague-
* -"Dawley rats, we were requested to proceed with the program using the

-' Fischer 344 rat. In a further evaluation conducted using a computer-

generated statistical program, the results obtained were in good

agreement with those previously determined for the male Fischer 344
rat. For the females, however, it was extremely difficult to accurately
determine the LD50. Originally we used a simple method of estimating

50% end-points. 3 Using linear interpolation on the log doses, a point

.P.. estimate for the LD50 is 325.3 mg/kg. Since this was consistent with
previous values, no further acute work was conducted. The computer-

generated, acute data are presented in Attachment A to this report.

14-Day Range-Finding Study

The purpose of this study was to determine the cumulative toxicity

response to LAP in the Fischer 344 rat over 14 days and compare the
data with previously collected 90-day data using Sprague-Dawley rats.
This comparison permitted us to evaluate the strain differences as

well as the effects of the treatment in support of dosage selection

V' for the chronic study. Ten males and ten females were randomly assigned

to each of six experimental groups (vehicle control, 0.05, 0.1, 0.3,
0.5, and 0.7%). Diets were prepared (corn oil/acetone, or LAP (TNT/RDX)/

acetone/corn oil) as described earlier. Body weights and food consump-

tion were recorded weekly; the animals being observed daily for 14 days.
Hematology and clinical chemistry determinations were conducted on the
survivors at termination of the study.

Tables 4 through 11 provide the computer-gunerated data for body
weights and food consumption from the 14-day study. Tables 4 nd 3
summarize the body weight data for males and females. resp-, tiv ,]v.

13
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The males were significantly lighter than controls beginning with the
- 0.1% level while the females were significantly different beginning

with the 0.3% level. Differences in body weights after one and two
weeks are presented for males and females in Tables 6 and 7, respec-

, ,tively. The effects are more dramatic in these tables, with significant

differences appearing one dose level below the affected levels in Tables
- 4 and 5. Also apparent in Tables 6 and 7 are the significant recoveries

toward the control values from Week 1 to Week 2.

Food consumption data are summarized in IT.bles 8 through 11.
Consumption based on grams of food consumed per kilogram of body weight
per day is shown in Table 8 for male rats and in Table 9 for female rats.
Consumption based on grams of food consumped per day is presented in
Tables 10 (males) and 11 (females). The results show a definite dose-
related response during Week i, with indications of acclimation

(recovery toward control values) during Week 2.

The hematology data for both males and females are summarized
in Table 12. Table 13 summarizes the serum clinical chemistry data for
both males and females. Various hematology and clinical chemistry
parameters show dose-related fluctuations from the control values. In

a study of this duration, using so few animals and using young growing
animals, it is difficult to accurately evaluate the indiviudal varia-

tions in effects. Although fluctuations were observed in this study,
we cannot separate effects caused by the compound from effects due to

reduced food consumption and/or naturally occurring changes because of
the age of the animals. We can, however, state that the combination of

effects show that the 0.7%, 0.5%, and occasionally the 0.3% dose
levels are not suitable for longer-term testing and thus represent

definitive effect levels in this study.

The terminal necropsy performed on these animals did not produce
a target organ response, nor did any critical lesions occur that
required further investigation. Therefore, no histopathology was
conducted on the tissues collected from these animals.

Based on the data collected from this study, we recommended that

0.0125, 0.05, and 0.2% be the dose levels incorporated into the diets
for the chronic study.

Chronic Study

• The purpose of this phase of the program is to provide a compre-
hensive definition of th= long-term toxicological reactions of selected

biological systems to LAP.
-6

and The rats for the chronic phase were received on 17 January 1980
and placed in quarantine. During quarantine, we experienced difficulties

with the automatic watering system and our new stainless steel animal
racks. We disccvered that the flushing of the watering system had not

been thorough enough following the installation of the plastic pipe.
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Hence, vapors from curing of the glue built up in the pipe. When the
rack was brought into the system, the toxicity of the vapor/water
mixture caused some of the animals to get sick and die. We sacrificed
the remaining animals and placed a replacement order immediately. The
replacement animals were delivered on 31 January 1980. Before this
second shipment of animals arrived, all new animal racks and watering
systems were thoroughly flushed and the purity of the water was veri-
fied by our Analytical Chemistry Department.

The chronic study was initiated on 14 February 1980. The dietary
preparation and exposure regimen was changed from a constant 0.0125,
0.05, and 0.2% in the diet to 12.5, 50, and 200 mg/kg/day in the
diet, adjusted every two weeks.

The initial eye examination was normal for all animals. All
were randomly allocated to the study according to the procedures
delineated in the Mammalian Toxicology Protocol for the chronic study,
which is on file with the Project Officer.

Data on food consumption and body weight through the first 24
weeks of the chronic study are summarized in Tables 14 through 21.
Tables 14 and 15 show food consumption based on grams per kilogram
of body weight per day and Tables 16 and 17 show consumption based
on grams per rat per day. Even-numbered tables provide data for male
rats and odd-numbered tables provide data for female rats. Consumption
of the mid- and high-dose males was generally significantly less than
that for controls during the first 16 weeks on test (based on grams
consumed per rat per day), but was generally consistent with control
levels during Weeks 17 to 24. Females showed a similar pattern
through the first 12 weeks, showed a recovery in consumption consistent
with control values during Weeks 13 to 21, and then a significant
increase in consumption above control values for the high-dose level
during Weeks 22 to 24. The observed recoveries can be accounted for
in three ways. First, for the high dose, we reduced the concentration
from 200 mg/kg/day to 100 mg/kg/day starting with Week 13 because of
the deaths and convulsions observed in the high-dose males during
Weeks 10 to 12. Next, we believe that the animals had finally adapted
to the concentrations of LAP present in their diets and/or they reached
a plateau in consumption consistent with maintaining their body weight,
including occasional slow rates of growth.

Tables 18 and 19 present average body weights and Tables 20 and 21
show differences in body weights, or body weight gain. A review of

the statistical evaluation for Weeks 1 through 24 has shown significant
differences occurring in all groups for both sexes. The data are so
uniform (thus producing extremely low and consistent standard errors)
that, statistically, very small variations are significant. Biologically,
however, the data to date do not indicate that there is an effect at
the low dose (12.5 mg/kg/day).

Figures 3 and 4 provide an indication of any significant trends
relative to biological effects. For instance, the mid-dose male group

15
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in Figure 3 is showing a steady increase in the deviation from the
control group, thus indicating a change taking place in the males at
that level.

We have consistently observed severe convulsions in the high-dose
males. Convulsions have become more apparent in females over the last
8 weeks, but are less severe than in the males. Females have also
shown aggressive behavior (fighting, generally associated with males)
toward cage mates.

Through the first 28 weeks of test (to 28 August 1980), 43 of 70
males died or reached a state of health that required sacrifice. The
tissues from these animals that died have been submitted for histo-
pathology. The results of the histological evaluation will be reported
in the appropriate monthly report and in the annual report for Year 2.

16



DISCUSSION AND CONCLUSIONS

The acute oral LD50 study produced values in male and female

Fischer 344 rats comparable to those found previously in Sprague-Dawley
rats. Within the scope of this program, this study was considered

adequate to proceed with the contract using the Fischer 344 rat.

' A 14-day range-finding study showed levels of toxicity below
previously suggested treatment for the chronic study. As a result of
this range-finding study, 0.0125, 0.05, and 0.2% in the diet were
recommended for the chronic study.

To date the chronic study has been on test for 28 weeks. Just
prior to the start of the chronic study the treatment levels were
changed from those stated above to 12.5, 50, and 200 mg/kg/day in the
diet adjusted once every two weeks according to body weight a:id food
consumption averages. Serious effects on the high dose males were

0observed during the first 12 weeks that prompted a reduction of that
level from 200 mg/kg/day to 100 mg/kg/day. It is unlikely that the

%. high-dose males will survive to the end of this 2-year chronic study.
Based on the data presented in this report we conclude that the 12.5
gm/kg/day level remains a no-effect level, that the 50 mg/kg/day level
presently represents a mild to moderate effect level, and that the
100 mg/kg/day level represents a definitive effect level.
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Table 1

PESTICIDES ASSAYED FOR IN PURINA CHOWS

Chlorinated Pesticides Organophosphate Pesticides

Heptachlor Phorate

Aidrin Diazinon

Heptachlor epoxide Disulfoton

-~Chlordane Methyl parathion

DDE Malathion

Dieldrin Parathion

IXEndrin Ethion
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Table 2

QUANTITATIVE ESTIMATE OF PESTICIDES IDENTIFIED IN PURINA CHOWS

Rodent Certified
Laboratory Rodent Chow Max. for 5002 Feed

Chemical Chow 5001 5002 as Certified (ppm)

Heptachlor 0.0045 ppm 0.077 ppm 0.05

Aldrin 0.001 not detected 0.05

Heptachior epoxide not detected 0.006 0.05

Chlordane not detected 0.021 0.05

DDE not detected 0.015 0.15

Dieldrin 0.001 0.001 0.05

Endrin not detected 0.001 0.05

Phorate not detected 0.004 0.5

Diazinon 0.001 0.001 0.5

Disulfoton not detected 0.003 0.5

Methyl parathion 0.002 0.007 0.5

Malathion 0.072 0.110 0.5

Parathion 0.003 0.013 0.5

Ethion not detected not detected 0.5

t.3

iA=1

%,,%

.



Table 3

CHRONIC FEEDING STUDY OF LAP:
ANLYE OF DIET PREPARATIONS

LAP Concentration (ppm) Concentration
W~veek of Percent Change (mg/i) TNT/RDX
Study -Intended Actual from Intended TNT RDX Ratio

1 and .2 125 110 -12.0 18.0 9.4 1.91
-~500 476 - 3.7 75.3 43.3 1.72

200 1844 -78288.0 173.0 1.66

3 and -. 132 110 -16.9 17.5 9.5 1.83
145 130 -10.7 20.1 11.5 1.75
540 471 -12.9 72.9 44.0 1.66
585 548 - 6.3 35.9 52.8 1.63
2200 2111 - 4.0 319.7 211.3 1.52
2500 2471 - 1.1 361.0 245.9 1.47

5 and 6 14 6 12?9 -11.9 20.0 11.6 1.72
169 148 -12.2 23.4 13.8 1.70
595 566 - 4.9 86.9 54.1 1.61
685 64 3 - 6.1 96.7 60.1 1.61
2600 2609 + 0.4 379.1 270.0 1.40
2700 2574 - 4.7 372.7 252.5 1.48

7 and 3 165 154 - 6.7 23.3 15.1 1.55
200 185 - 7.4 27.7 17.5 1.58
775 757 - 2.4 115.6 74. 3 1.56
800 763 - 4.0 121.1 72.2 1.68
3200 3089 - 3.5 443.6 305.9 1.45

9 and 10 188 180 - 4 .0 28.5 18.5 1.54
22 28 5532.1 21.1 1.53

So 80 14 + 1.7 121.9 81.5 1.50
875 897 + 2.5 138.8 89.4 1.55

3200 2996 -. 452.8 293.1 1.55

1and 12 181 6 3.5 25.3 15.6 1.65
237 -2--5. 34.9 1i.1 1.66

54 9 .1 L14.8 77.0 1-62
13 378 7. 133.1 865.8 1.53

3200 3 02'0 3 .6 46.f 296.4 1.5
3 500 3279 t .3 528.3 292.6 1.81

33.

23 3,.43 22.
~00 830 7 .3 12-2.0 77. 15

17 134 2. 236.6) 14.
ljo0 175 .7 2 79.0 6.

0v
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Table 3 (continued)

LAP Concentration (ppm) Concentration
Week of Percent Change Img TN.TY RDX
Studv Intended Actual from Intended TNT RDX Ratio

23 and 24 245 228 - 6.78 2).2 21.3 1.70

280 248 -11.50 38.1 23.0 1.66
975 951 - 2..5 1580 8.3 1.79

1050 1004 - 4.38 149.9 90.- 1.66
1750 1570 -10.30 239.1 L40.9 1.70

1875 1788 - 4.64 292.4 167.2 1.75
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